Background: In recent years, worldwide attention of researchers focused on the practical implementation of nanoscale materials in biomedical technology. It's proved that intravenous injected gold nanoparticles are accumulated in tumor tissues. However, when gold nanoparticles injected intravenously negative effects in the internal organs of experimental animals are observed. 160 nm diameter particles affect the wall of blood vessels, resulting in vacuolar degeneration of endothelial cells. Particles with a diameter of 50 nm lead to more expressed changes in the internal organs. Injection of the particles diameter of 15 nm causes moderate degeneration of parenchymal cells of internal organs and circulatory disorders. Materials and Methods: In current research, for the first time using the methods of experimental pathology the permeability of intact and damaged skin for nanoscale gold particles in combination with organosulfur compoundsdimethylsulfoxide and tiofansulfoxide were studied. We used 140 male outbred white rats with an average weight 150 -200 grams. All the animals were divided into one control and three experimental groups. Results: Laser microperforation skin with ultrasound treatment can provide good skin permeability, but in contrast to use of agents with organosulfur compounds inflammatory reaction, the destruction of superficial and deep skin tissue structural elements are observed. The comparative efficacy of dimethylsulfoxide and tiofansulfoxide for transdermal permeability of gold nanoparticles was studied. It's proved that in topical application solution of nanoparticles with organosulfur compounds negative effects of the accumulation of nanoparticles in the internal organs, disorders of organ and tissue microcirculation, development in the degenerative changes are not observed. We found that the depth of penetration of damaged skin (contact dermatitis) for the gold nanoparticles in combination with organosulfur compounds, and ultrasound exposure is substantially higher than the penetration of intact skin.
Introduction
A special place among nanoscale materials used for diagnostic and therapeutic purposes, take the gold nanoparticles. A high efficiency of gold nanoparticles in the therapy of malignant tumors of the skin and its appendages using local hyperthermia in the experiment was found. According to histological examination, after intravenous injection of gold nanoparticles dystrophic changes are detected not only in the liver and spleen, but also in other organs i.e. liver, spleen, lungs and kidneys [1] . Practically transdermal penetration of the intact and damaged skin for gold nanoscale materials is not explored. As a rule, the perspective of nanoparticle-mediated delivery of drugs into the epidermis and dermis without affecting their integrity has a little success. It is known that usual penetration of nanoparticles and microparticles into the skin is negligible [2] . Most exogenous nanoparticles, whether viruses, bacteria, dust, allergens or substances do not penetrate the human skin, if the skin barrier is not impaired [3, 4] . Several anti-cancer and anti-proliferation drugs have been delivered with dendrimers and nanoparticles, including 5-aminolevulinic acid (ALA), 5-fluorouracil (5FU), paclitaxel, podophyllotoxin, and Realgar [5] [6] [7] [8] [9] [10] [11] [12] [13] . Photodynamic therapy is based on the delivery of photosensitive drugs to skin lesions followed by targeted light exposure. ALA and methylaminolevulinate (MAL) are commonly used as they both induce the production of the photosensitiser protoporphyrin IX in skin cells. Photody-namic therapy is now being used for an increasing number of skin conditions, including actinic keratosis and nonmelanoma skin cancers. Topical delivery has not been optimized. Intact skin is a natural barrier for nanoparticles [14] [15] [16] . Among all known compounds that enhance the transdermal diffusion, including low-molecular, the most currently effective are those organosulfur compounds such as dimethylsulfoxide and tiofansulfoxide. They provide practically instant percutaneous absorption. Considering most safety and accuracy of topical injection of nanoparticles directly into tissue of epidermal tumor in situ, with the possible exception of a side effect of accumulation in internal organs, the study of skin permeation for gold nanoparticles in conjunction with compounds, which enhancing their transdermal diffusion is actual. The aim of this work was to study the permeability of the intact and damaged skin of the gold nanoparticles and develop a way of enhancing their transdermal diffusion in complex with organosulfur compounds.
Materials and Methods
All the animals were divided into one control and three experimental groups (Figure 1) . The control group was not applied by any effects. In first experimental group of animals (n = 18) aqueous solutions of gold nanoparticles were administered intravenously for determining pathological changes in the internal organs during parenterally injection. In second experimental group of animals (n = 40) effects without organosulfur compounds were applied (laser micro-perforation, phonophoresis, application to the skin gel with nanoparticles), in the third experimental group of animals (n = 76) were used drugs with organosulfur compounds and phonophoresis for exposure on intact skin and on contact chemical dermatitis. Resistant contact dermatitis was caused by a single topical application of 5% solution of 2,4-dinitrochloro-benzene. Studies carried out on a third day after application. In research for topical application in conjunction with gold nanoparticles organosulfur compound: tiofansulfoxide and dimethylsulfoxide were used. The animals, divided into 3 groups of 6 rats were entered solutions under the ciphers K-shells (nanoshells), NR (nanorods) with gold nanoparticles concentration 50 ug/ml in volumes of 1 ml/kg or 2 ml/kg of animal weight. The control group received physiological saline in similar volumes. Thus formed two control subgroups of 3 animals each. First of them was inject- ed 1 ml of physiological saline per kilogram of weight, the second −2 ml. Animals of the 2nd and 3rd experimental groups were conducted by optical coherence tomography (OCT). Scanning of each area was carried out twice: the first time-before effects, and the second time -after effects or elimination of the gel. Animals of the third experimental group were divided into 8 experimental subgroups. In animals of subgroups number 3/1, 3/2, 3/4, 3/6 was caused a resistant contact dermatitis, by a single topical application of 5% solution of 2,4-dinitrochlorobenzene. Duration of gel application on intact skin in all cases was 2 hours. Gel application on pre-perforated laser or affected by dermatitis skin duration was 15 minutes. As one of the methods for increasing the skin permeability during a superficial its previous microperforation was used. Source of radiation was erbium laser Palomar Lux 2940 (Palomar Medical Products Ltd., USA) with the following settings of radiation: the wavelength of 2940 nm, pulse energy of 0.5 -3 J. Pulses had threestream structure. To enhance the tissue penetration of nanoparticles the phonophoresis was used (Dynatronics, Germany). Areas of rat skin after application of the drug were exposed to ultrasound effects at a frequency of 1 MHz, power 1.1 W and a duration of 2 minutes. In the study, the technique of optical coherence tomography was used to determine the areas of accumulation of gold nanoparticles in the skin. Studies carried out on the device model 022 OCP930SR (Thorlabs Inc, USA) at a wavelength 930 nm. Scanning of each area was carried out twice: the first time-before affects, and the second time -after gel elimination of the areas. Histological preparations of the skin and organs of animals were studied by standard techniques: with the coloring of histological sections of silver nitrate, the classical histological technique micropreparations skin and organs of the standard color. The histological preparations of skin and organs in the second group were additionally investigated by atomic force absorption spectrophotometry, and the third group -by the morphometric measurements. Morphometric data obtained were subjected to statistical analysis by calculating the arithmetic mean (M), the error of the arithmetic mean (± m), the accuracy of the difference of average (p) using the Student t-test at the 5% significance level.
Results

Characteristic of Pathological Changes in Internal Organs after Intravenous Injection Solutions of Gold Nanoparticles
After intravenous injection solution of gold nanoparticles experimentel animals, were observed for 14 days. During the experiment fatal outcome was not fixed. At the opening of the analyzed animals, taken out of the experiment on the 15th day of observation after injection of solutions of gold nanoparticles macroscopic changes in the liver and lungs were found. In the group of rats treated with NR, in 3 of 6 animals, liver inhomogeneous in color, with the underlined pattern, grain, with increased blood filling. In the experimental group of rats after injection of a solution of K-shells macroscopic changes in the liver and spleen were found. The liver is full-blooded; on the surface of the capsule multiple focuses of dull gray in color with a yellowish tint are marked. In the kidneys of the experimental group of animals there is some thickening of the cortex. The kidneys of the experimental animals do not vary in appearance from the kidneys of the control animals. In the lungs (of 1/6 rats) there are multiple macrofocal hemorrhage. In the control group of rats visible pathological changes were not observed. In the brain, of the animals exposed to injection of the solution NR in a volume of 2 ml/kg body weight on the 15th day hyperemia of blood vessels and cytolysis individual neurocytes are obsereved. Paracellular edema is determined in three out of six animals. In the liver of these animals there are decompensation of hepatic beams, the individual areas of hemorrhage and lysis of the nuclei of hepatocytes. In renal tissue hypochromic staining of the proximal convoluted tubules and glomeruli kollabirovanie. Histological examination on 15th day after injection of gold nanoparticles shows the ruptures of alveoli walls in the rat lungs. There are areas with thick walls interalveolar septums, where blood vessels and capillaries are enlarged and filled with densely erythrocytes. In a significant number of rats after intravenous injection necrosis of separate heaptocyte, and cells with nucleus pyknosis are found. The phenomenon of karyopyknosis, karyorhexis and hyperemia of blood vessels are detected. In the kidneys of some rats exposed to a solution of K-shells the individual convoluted tubules with lyse nuclei and vacuolated cytoplasm of epithelial cells are registered. In the spleen of rats treated with a solution of K-shells, there is a vasodilatation in the follicles and hyperemia of the red pulp.
Permeability of Intact Skin for Drugs of Gold Nanoparticles Using Organosulfur Compounds Dimethylsulfoxide and Tiofansulfoxide
According to the results of OCT imaging gold nanoparticles facilitate enhanced contrast tissue skin layers by using their in a drug composition containing dimethylsulfoxide. Such a contrast, according to the results, was absent on OCT-tomograms skin areas of experimental animals, which was applied drugs containing tiofansulfoxide. Histological findings confirmed the deeper penetration of gold nanoparticles using dimethylsulfoxide. The preparation containing dimethylsulfoxide, causes the penetration of nanoparticles to the reticular layer of dermis ( Figure 2 ). By topical application the preparation of gold nanoparticles containing tiofansulfoxide, we have not found them to penetrate the subepidermal skin layers ( Figure  3) . Most of the nanoparticles were observed on the surface of the epidermis, as the remnants of the applied drug. In addition, a significant amount of them was observed on the surface of the cuticle and the inner epithelial sheath of hair, in the craters of hair follicles.
Pathological Assessment of the Skin and Internal Organs Changes after Laser Microperforation with the Application of Preparations of Gold Nanoparticles without Organosulfur Compounds
Accumulation of gold nanoparticles in the liver and spleen did not occur for any of the types of effects. In this regard, the images obtained by staining sections of liver and spleen in the control group did not differ from the images of the same organs sections in the experimental groups. Generally, the results of the study show that the physical effects on the skin as a factor for enhancing permeability of the nanoparticles of various sizes, can lead to destruction of both the surface (single layers of the epidermis) or deeper structural elements of the skin (collagen fibers papillary layer of dermis). This demonstrates the promising methods of application to the skin formulations with nanoparticles in solutions of organosulfur compounds that can enhance the total permeability of the skin without damaging effects.
Comparative Assessment the Permeability of Drugs of Gold Nanoparticles with Organosulfur Compounds under Ultrasound Treatment with Application to Intact Skin and Contact Chemical Dermatitis
Our studies have shown that the permeability of the skin of experimental animals with chemically induced contact dermatitis to gold nanoparticles in combination with organosulfur compounds with ultrasound treatment can reach the level of subcutaneous fat and subcutaneous muscle, which was not observed with the similar effects on intact skin. The permeability of the intact skin after application the preparation of nanoparticles with tiofansulfoxide under the ultrasound treatment provides a negligible and superficial penetration into the surface layers of the skin (Figure 4) . At the same time, using the preparation of nanoparticles with dimethylsulfoxide and its application under the ultrasound treatment to the skin with chemical contact dermatitis revealed their deep penetration up to the subcutaneous fat and subcutaneous musculature ( Figure 5 ). On Figure 4 the distribution of gold nanoparticles in skin layers is shown: 1-accumulations of gold nanoparticles in the reticular layer of dermis, and in hair follicles. On Figure 5 , best permeability of gold nanoparticles (1) is shown, which are defined essentially homogeneously in the dermis, concentrating in an area of the sebaceous glands. Also in significant quantities are defined in the subcutaneous muscles. Thus, the overall assessment of the results the study of comparative efficiency enhance trasndermal permeability by organosulfur compounds gold nanoparticles under ultrasound treatment shows that the affected by chemical contact dermatitis skin is permeable better than intact. This is contradicting the data Baroli et al. [5] , which demonstrated the worst permeability of the damaged skin as compared to intact. Perhaps the factor contributing these differences in our study is the additional ultrasound treatment. The nature of organosulfur compounds is also essential to enhancing transdermal penetration for nanoparticles. Mikromorphometry the depth of penetration of gold nanoparticles presented in Table 1 proves that dimethylsulfoxide has higher conducting properties than tiofansulfoxide both via intact and via the affected by dermatitis skin.
Comparison of Gold Nanoparticles Permeability after Application on the Rats Skin Areas with Artificially Induced Contact Dermatitis in Combination with Dimethylsulfoxide and Tiofansulfoxide and Ultrasound Treatment
During the experiment, it was found that topical application of gold nanoparticles complexed with dimethylsulfoxide on the skin with induced contact dermatitis with ultrasound treatment provides better permeability of the skin for the of gold nanoparticles than using gold nanoparticles in combination with at tiofansulfoxide with similar effects. Figure 6 shows the best permeability of gold nanoparticles, which are defined almost evenly in the dermis, concentrating in the area of the sebaceous glands. Also in significant quantities are defined in the subcutaneous muscles. Using gold nanoparticles in combination with dimethylsulfoxide provides deeper permeation of skin in the area of artificially induced contact dermatitis for the gold nanoparticles with ultrasound treatment significantly higher and reaches the subcutaneous fat and subcutaneous muscles, unlike the use of gold nanoparticles in complex with tiofansulfoxide which at similar effects provides little permeability. On Figure 7 , gold nanoparticles are detected in the dermis, in the area of sebaceous glands and hair follicles.
Discussion
Among therapeutic agents, there are drugs including gold particles or its compounds [17] . It is known that gold can interact with proteases hydrolyzing collagen, as well as with elastase and other active components of connective tissue. Gold has anti-inflammatory, immunosuppressive, antitumoral, antifermental and some other therapeutic effects. Gold preparations used in the treatment of patients with rheumatoid and psoriatic arthritis, Felty's syndrome, lupus erythematosus. One of the possible ways to improve the transdermal transport of nanocarriers can be the use of organosulfur compounds with properties drastically improve the effect of the skin permeability for various chemical agents and drugs. Among such compounds should primarily attributed dimethylsulfoxide. The preparation according to modern concepts related to nanotechnology agent because its molecules are selectively carried out various drugs into the damaged tissues and cells. To date, the domestic and foreign scientific literature has more than 2000 messages on the study of the biological and clinical effects of that drug. There are reports on the use of dimethylsulfoxide and dissolved therein anticancer drugs topically in the form of applications, smearing the treatment of patients with melanoma, basal cell carcinoma, Bowen's disease with a good clinical effect [18] . Another drug that is well proven for transdermal transport of drugs in veterinary practice is tiopfansuloxide. Tiofansuloxide as organosulfur compound has a high affinity to tissue composition of skin proteins because of its high sulfur content. Recent studies also prove promising use of the drug for transdermal transport of different sizes particles. According to the analysis of modern databases, both in foreign and domestic practice, there is not a precedent of the use of organosulfur compounds for targeted transdermal transport of nanocarriers. This suggests that this line of research to find the most promising ways to improve the transdermal nanocarriers transport of biological and pharmaceutical products. Laser microperforation provides good permeability of gold nanoparticles into the deeper layers of the skin, but causes severe destruction of tissue structures.
In the current study topical application of gold nanoparticles in combination with organosulfur compounds on the skin with artificially induced contact dermatitis and ultrasound treatment a higher permeability was shown than after application on intact skin. In the result of the experimental studies the higher permeability of gold nanoparticles in combination with DMSO with application on the skin with artificially induced contact dermatitis and ultrasound treatment was determined. The permeability of the gold nanoparticles in this method reaches the subcutaneous fat and subcutaneous muscles. Gold nanoparticles application on the skin with artificially induced contact dermatitis in combination with tiofansulfoxide and ultrasound treatment is achieved the skin permeability only to a mesh layer. As a result of our study was demonstrated that a significant modulatory effect on transdermal permeability of gold nanoshells size of 120 nm and 50 nm, the size of the nanorods and their intradermal transport possessed a number of physical and chemical effects. Regardless of the body (intact or damaged skin) a significant increase in the transdermal diffusion of nanoparticles without damaging effects can be achieved by using organosulfur compounds, and in particular dimethylsulfoxide under ultrasound treatment. The obtained results allow us to consider this line of research the most promising to find ways to improve the transdermal transport as functionalized as well as non-functionalized of gold nanoparticles for therapeutic purposes and nanocarries of pharmaceuticals and biologically active compounds.
Conclusion
In medicine and veterinary skin application for a long time used as one of the ways of the local delivery of drugs, and with the advent of well-studied ways transdermal diffusion of substances, the skin became widely used as an organ for their systemic delivery into the organism [19] [20] [21] . As a rule, even the prospect of nanoparticle-mediated delivery of drugs into the epidermis and dermis without damaging the integrity of the organ has little success. An analysis of special scientific literature on this issue shows that the statement that the nanoparti-cles greater than 20 nm in diameter, which do not penetrate into viable skin tissue is controversial. Compromising the integrity of the epidermal barrier in the intact or the diseased skin is ambiguous contribute permeability of the particles.
This study allowed us to estimate the permeability of the skin to the nanoparticles and their distribution in the organs of laboratory animals after topically application in combination with a variety of organosulfur compounds. It is proved that topically application of nanoparticles solutions with organosulfur compounds does not cause negative effects of the accumulation of nanoparticles in the internal organs, disorders of organ and tissue microcirculation and the development degenerative changes of these. General methodology and developed during of experiments techniques can be used to develop nanoparticle formulations of drugs for cosmetics, skin cancer treatment in human and veterinary medicine, the most common form of the epidermal malignancies.
